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I— The  Functional  Deoelopment  of  the  Cerebral  Cortex  in  Different 

Croups  of  Animals. 


By  Wesley  Mills,  M.A.,  M.D.,  F.R.S.C., 

Professor  of  Physiology  in  McGill  University,  Montreal. 

(Read  May  20,  1896.) 

In  connection  with  m3'  investigations  on  the  psj'chic  development  0 
3'oung  animals, ‘ it  seemed  important,  in  regard  to  the  question  of  ph3’sical 
correlation,  to  ascertain,  in  so  far  as  that  is  possible  bt'  experimental 
methods,  at  what  period  the  cortex  of  the  brain  becomes  functionally 
active.  Nothing,  to  1113’^  knowledge,  has  been  done  of  late  years  on  this 
subject.  1 determined,  therefore,  to  give' it  as  com|dete  an  investigation 
as  po.ssible  ; accordingly  I have  lost  no  opportunity  during  the  past  two  to 
three  3'ears  to  secure  the  newl3’d)orn  young  ot  several  groups  ol  animals, 
being  tho.se  usually  kept  in  confinement  or  inhabiting  our  dwellings.  Real- 
izing that  bx-eadth  of  investigation  was  impoidant,  xis  well  as  thoi-ough- 
ness,  the  experiments  have  not  been  continexl  to  one  or  two  groujis  of 
animals  but  cover  several.  'Phis,  together  Avith  the  desire  to  report  onl3' 
what  Avas  thoi’oughly  well  determined,  has  exteiuled  these  iiiv'estigations 
over  a long  peiiod  and  involved  much  labour. 

.Methods. 

Onl3'’tho.so  individual  animals  have  been  used  the  exact  age  of  Avhich 
Avas  known,  and,  as  a matter  of  fact,  most  of  them  Aveiv  born  and  kept 
under  m\'  OAvn  observation,  so  that  their  exact  age  and,  in  many  cases, 
their  bi'eeding,  etc.,  aa'CI’c  knoAvn. 

Anaesthetics. 

Aniesthetics  were  used  in  all  cases,  and  iuA’ariably  b3'  inhalation,  as 
1)3'  this  method  alone  can  nice  gradations  in  the  de|)th  of  the  anaesthesia 
be  made  in  3'oipig  animals.  The  3’oung  animals  of  all  the  species  that 
have  been  the  subjects  of  my  expei’iments  haA’e  taken  anie-sthetics  Avell — 
much  better,  in  fact,  as  a rule,  than  the  adults  of  the  same  groups. 

Thi'oughout,  ether  has  been  used,  as  the  most  8atisfactoi'3',  for  soa'- 
ei’al  reasons.  It  is  safei',  though  in  the  case  of  the  3'oung  animal  this 
applies  Avith  less  force  than  for  oliler  ones  But  it  is,  to  m3'  mind,  the 
most  desirable,  chiefl3'  because  the  degree  of  aniesthesia  can  be  so  quickl3' 
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varied.  This  is  a niatti'r  of  great  moment,  seeing  how  sensitive  the  cor- 
tex is  to  injury  from  exposure  to  the  air,  loss  of  l)lood,  etc.  ft  is  unfor- 
tunate that  ether  favours  Inemorrhage  j)erha])s  more  than  some  other 
anu'sthetics,  but  1 think  tlu‘  advantage  just  referretl  to  outweighs  all  its 
disadvantages. 

Olijeetions  to  other  methods  of  producing  narcosis  will  be  considered 
later. 

Kx])erience  alone  determines  that  degree  of  ampsthe.sia  in  each  ani- 
mal which  is  most  favourable  for  the  experiment.  During  a certain 
deptli  of  amesthesia  it  is  impossible  to  get  any  response  by  elect i-ical 
excitation  by  any  rea.sonable  strength  of  current;  on  the  other  hand,  all 
my  experience  is  against  ])lacing  any  reliance  on  results  obtained  from 
animals  when  not  under  the  intluenct'  of  an  amesthetic  to  some  extent, 
the  degree,  as  before  mentioned,  being  determineil  by  experience.  Il’ 
there  be  a reaction  from  one  part  of  the  cortex,  one  may  assume,  of 
course,  as  a general  rule,  (hat  the  re.st  of  the  cortex  is  in  an  eiiually 
favourable  condition  to  i*espond,  if  it  be  natural  for  it  to  do  so. 

0 1 ■ K R A T t V £ Procedure. 

It  mattei-s  little,  it  has  been  found,  how  the  brain  is  laid  bare,  pro- 
vided it  be  not  injured.  I have  generally  ojunied  the  skull  over  a cer- 
tain area  Avith  a trephine,  and  then  |)roceeded  to  remoA'c  a sutHciency  of 
bone  with  a small  bone  forceps.  In  the  case  of  A'ciy  small  and  young 
animals  a sharp  knife  and  a dressing  forceps  were  the  only  instruments 
found  necessary. 


^Eetuod.s  of  Exami.natio.n. 


In  a few  cases  the  area  usually  responsive  to  electrical  excitation  has 
been  remoA'cd,  the  wound  carefully  closed  with  regard  to  antisepsis,  and 
the  A'ounc:  one  returned  to  its  mother.  Reference  will  be  made  to  this 

V w 

subject  again.  In  by  far  the  greater  nuihber  of  ca.ses  electrical  excitation 
of  the  cortex  was  the  sole  method  employed  to  determine  the  question  of 
its  functional  activity.  Of  neces.sity,  this  can  reveal  only  the  pi-esence  or 
absence  of  motor  centres  in  a functionally  acti\'e  condition.  While  such 
centres  are  known  to  he  confined  in  the  mature  animal  to  certain  defitiite 
regions  of  the  cortex,  in  pi'aetice  it  was  not  found  Avise  to  limit  explora- 
tions to  such  areas,  and,  as  a matter  of  fact,  almost,  it  not  quite,  the  whole 
cortical  suidace  of  the  cerebrum  was  made  the  subject  of  examination. 


Aim*arat[:.s  Tsed. 

Only  the  ra})idly  interrupted  current  of  a Du  lloi.s-JJeymond  induc- 
torium  Avas  employi'd.  Elect I’odes  ending  in  small  blunt  points  (knobs)- 
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iind  with  a distance  liotween  tlicir  extremities  varyiiii>:  with  the  size  of 
the  brain  to  be  stimulated — tins  distance  never  beinj'  greater  tban  a few 
milliiuetres — were  used  to  eonvey  the  stimnlus  to  the  brain. 

Tt  was  found  desirable  to  use  about  four  ditferent  sti-engths  of 
euiTent  : (1)  A current  felt  distinctly  on  the  tongue,  but  easily  tolerated  ; 
(2)  a current  readily  felt  on  the  lips,  but  tolerable  ; [3)  a current  not  to 
be  borne  on  the  lips  without  inconvenience;  (4)  a current  too  strong  to 
be  borne  on  the  li[is  at  all  without  po.sitive  pain.  These  will  be  desig- 
nated currents  A.  H.  C.  D,  respectively. 

Occasional!}'  a current  stronger  still  was  employed,  such  as  could  not 
be  borne  on  the  skin  anywhere.  This  will  be  designated  ■•stronge.st 
current,”  as  it  was  the  strongest  to  be  obtained  by  the  use  of  one 
Daniell's  cell  or  its  equivalent.  Such  a cun-ent  is  generally  useless, 
however,  in  brain  work,  on  account  of  the  readiness  with  which  it  pa-sses 
beyond  the  area  of  stimulation  ; nevertheless,  as  will  appear  later,  it  has 
sometimes  served  a good  purpo.se. 

Difficulties. 

So  delicate,  ill-organized,  un.stable  are  the  motor  centres  of  the  very 
young  animal  that  it  requii’es  great  care  to  get  at  the  ex'act  state  of 
attairs  and  avoid  fallaeies. 

In  my  experience,  hsemorrhage  is  the  greatest  difficulty  an<l  source 
of  fallacy.  Sometimes  a very  moderate  k>.ss  of  bloorl  seems  to  suffice  to 
ruin  the  activity  of  a centre  ; at  other  times  the  centre  remains  function- 
ally active  in  spite  of  hamiorrhago,  exposure  to  the  air.  etc. 

In  some  cases  a few  stimulations  .seem  to  exhaust,  if  not  to  ilestroy, 
the  centre,  oven  when  very  moderate  currents  are  used. 

Xaturally.  the  younger  the  animal  the  greater  the  difficulties  and  the 
more  carefully  the  source  of  fallacy  must  be  guarded.  The  longer  I 
continued  my  researches  the  more  1 became  im|»re.s.seil  with  this,  as  well 
as  with  the  wide  margin  of  individual  ditfei’cnce  in  animals,  and  this 
accouids  in  jiart  for  the  large  number  of  experiments  I have  been 
obliged  to  make  to  satisty  myself  as  to  the  correctnes.s  of  my  results. 
In  not  a few  cases  no  positive  conclusions  could  be  drawn  at  all. 


KXP KRDL HNdTVL  R ESULTS. 

I. — The  Dog. 

A number  of  puppies,  some  of  them  pure-lired  St.  Bernards  (bitches), 
others  cro.ss-bred.  were  tested  when  very  young,  viz.,  from  36  hours  U])  to 
the  8th  day.  The  result,  no  matter  what  .strength  of  current  was  used, 
was  absolutely  negative  as  regards  both  the  cortex  and  the  white  matter 
beneath,  except  in  one  case,  to  which  I now  refer  in  detail. 
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ITiiless  otlienviso  sliitod,  tho  movt*inenis  will  be  underntood  to  be  on 
the  opjuysite  Kide  in  all  cases. 

C\HH  l.—Crii.is  hr<  il  piipjti/  ; Cfli  ilfti/  ofli/e.—Eyfis  not  open.  Ether. 

Right  side  of  l)niin  exjw.sed. 

Witii  Jiny  but  the  strongest  current  no  movement.  One  movement  of  the 
hind-leg  with  strongest  curreiit.  The  same  result  for  the  other  side  of  brain. 
There  is  also  one  movement  when  sharp-pointed  electrodes  are  pushed  into 
the  brain  to  the  depth  of  :t  (i  mm.  After  this  no  positive  result  to  be  obtained. 
The  result  for  stimulation  of  the  white  imitter  is  in  no  wi.se  tnore  marked  than 
in  the  case  of  the  corte.x. 

'Phouteb  no  one  of  these  very  young  animals  bad  reached  the  eighth 
day  of  life,  the  rc.sults  were  ab.solutely  negative  for  both  cortex  and 
medulla  (white  matter)  with  any  strength  of  current. 

The  result  of  testing  older  dogs  will  now  be  given. 

Cask  II. — Mongrel  puppy  ; V>  dnys  old. — Eyes  slightly  opened.  Ether. 

Only  the  strongest  current  applied  to  cortex  gave  any  positive  result,  but 
with  such  a current  the  hind-leg  and  the  head  moved,  the  latter  to  the  opposite 
side.  This  applies  to  t)oth  sides  of  the  brain. 

The  surface  of  the  brain  over  the  area  stimulated  with  the  above  result, 
together  with  considerably  more,  is  sliced  away.  On  one  side  no  result  on 
stimulation  with  any  strength  of  current. 

On  sinking  the  electrodes  into  the  brain  to  the  depth  of  one-half  inch, 
the  fore-k'g,  both  hind-legs  and  the  head  move. 

Cask  III.— Mongrel  bitch  puppy;  //  days  of(/.  Eyes  partly  open.  Ether. 

With  current  C get  movement  of  hind  leg  alone  when  deeply  under  ether. 
Later,  when  slightly  anaesthetized,  get  movement  of  head,  fore-leg  and  hind- 
leg, by  stimulation  of  the  areas  which  in  the  main  correspond  to  those  of  the 
mature  dog  ; but  by  using  a somewhat  stronger  current  over  any  one  of  these 
areas  movements  of  all  the  three  parts  mentioned  occur ; with  a slightly  weaker 
current  both  the  fore-leg  and  the  hind-leg  are  moved. 

It  is  impossible  to  decide  that  one  leg  is  made  to  move  more  readily 
than  the  other. 

The  advance  in  one  day  in  a puppy  of  the  same  litter  seems  to  be  well  illus- 
trated in  this  case. 

Case  IV. — Cro-'ts-hred  bitch  puppy;  llthday. — Eyes  ojien.  Ether.  Considerable 
ImMiiorrhage. 

Stimulation  on  right  side  with  current  H produces  onl}'  movement  of  hind- 
leg ; on  opposite  side  the  same  result,  also  movement  of  the  fore-leg  once. 
Medulla  (white  matter),  negative. 

Case  V.  Cros't-bred  bitch  puppy ; 10th  day. — Eyes  not  open.  Ether.  Negative  to 
stimulation  of  corte.x  on  both  sides  till  current  C used,  when  the  hind-leg  is 
moved  ; result  the  same  when  the  medulla  is  stimulated.  No  real  localization 
with  moderate  currents. 

Case  W.-Crom-bred  dog  pupj)y  of  t^amc  litter ; 12th  day. — Eyes  half  open.  Ether. 

Can  get  no  positive  results  with  B and  C,  but  with  I)  get  the  following: 
llind-leg,  head  an<l  fore-leg  (once)  movements.  There  is  in  this  case  localiza- 
tion, though  apparently  the  head  movement  is  the  most  perfect. 

Cask  Xll.-CroftH-bred  dog  pup])y  of  same  litter;  15th  day.— Eyes  well  open. 
Ether. 

With  current  B movement  of  the  hind-leg:  with  C,  of  both  fore  leg  and 
hind-leg  on  stimulating  adjacent  areas  ; head  movements  with  only  the  strong- 
est current. 
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III  this  ease  there  seemed  to  be  rouub  localization,  thougli  u very  strong 
current  is  required  ; the  hind-leg  responds  most  readily  ; in  fact,  the  fore  leg 
is  uncertain. 

Case  N'III. — Cros/i-bred  doy  puppy  of  name  lifter:  li'fh  day. — Ether. 

With  current  B get  decided  movement  of  fore-leg  and  liead,  but  can  not 
get  these  repeated;  liind-leg  movement  distinct.  Remove  cortex  over,  one 
motor  area  (and  more)  thoroughly,  then,  on  stimulation  with  the  same  current, 
get  movement  of  fore-leg  twice,  but  after  these  it  is  impossible  to  get  move- 
ment with  any  strength  of  current.  The  woun<l  is  closed  by  sutures  and  with 
■some  regard  to  antisepsis.  These  the  dam  removes  the  same  evening.  There 
is  later  some  suppuration  and  granulations  aiipear.  The  puppy  could  suck, 
lap  milk,  and  never  at  any  time  manifested  signs  of  paral.vsis,  etc.  It  seemed 
to  move  as  usual.  F’our  days  later  (i.  c.,  when  21  da.v-s  old),  the  skull  is  a.gain 
opened,  when,  on  stimulated  over  the  motor  area  of  the  till  now  intact  side, 
movements  of  the  fore-limb  and  head  are  readily  produced,  but  of  the  hind- 
limb  .someA'hat  inditlerently.  These  movements  may  be  more  fully  described 
thus  ; 

1.  With  current  B head  is  moved  upward  (or  backwards),  and,  of  course,  to 
the  opposite  side.  This  results  with  this  strength  of  current  over  an  area 
extending  in  a curve  arounii  the  outer  e.xtremity  of  the  crucial  sulcus. 

2.  Movements  of  the  fore-leg.  both  extension  and  Ilexion  of  the  paw,  /.  e., 
sometimes  one  and  sometimes  the  other,  when  an  area  a little  more  extensive 
than  the  original  one  is  stimulated. 

8.  To  get  movement  of  the  hind-leg  in  this  case  a stronger  current  is 
required,  and  the  result  follows  whether  the  stimulus  be  applied  to  the  crucial 
sulcus  It.self  or  behind  it  and  as  near  the  middle  line  lus  the  centre  for  the 
fore-limb. 

Case  IX. — Monyrel  puppy;  loth  dui/.— Eyes  not  open.  Ether. 

Xo  reaction  to  any  strength  of  current  applied  over  the  greater  part  of  the 
corte.x  of  both  sides.  On  removal  of  the  cortex  over  the  motor  area  very  freely 
movements  of  the  hind-leg  are  protluced  by  stimulation  on  three  successive 
trials  : after  this,  no  result  of  !i  positive  kind. 

C.XSE  X. — Monyrel  puppy  of  the  .fn>ite  titter;  I'ith  f/o.i/.— Eyes  open. 

With  current  B,  movement  of  the  hind-leg;  no  other  movements  with  any 
strength  of  current  and  none  when  the  cortex  removed.  The  animal,  however, 
was  then  considerably  depressed. 

Case  XI. — Monyret  puppy  of  same  lifter  as  last ; Uth  (fui/.  -Eyes  open.  Ether. 

With  current  C get  movements  of  the  hind-leg,  but  no  others  till  the  cortex 
is  removed  ; then  hind-leg  movements  were  again  produced,  and  movements 
of  the  toes  of  the  fore  leg.  On  trying  the  opposite  side  (cortex),  with  the 
same  rather  strong  current  applied  to  aiijacent  areas,  movements  of  both  the 
fore-leg  and  the  hind-leg  follow.  In  this  case  the  movements  are  equally  good 
for  lx)th  legs  at  lirsi,  but  they  persist  longest  for  the  hind-leg. 

Case  XII. — Monyrel  puppy ; c/«i/.— Eyes  open.  Ether. 

With  cun-ent  B,  movement  of  the  hind  leg;  the  .same  result  on  stimulat- 
ing the  opposite  side  of  the  brain;  after  a few  stimulations,  no  movement. 
The  cortex  is  removed  ; movement  of  the  hind-leg  is  then  produced.  .\t  a 
point  more  forward  get  movement  of  the  head  to  the  opposite  side;  and 
further  to  one  side,  movement  of  the  fore-leg. 

Case  XIII. — Monyrel  puppy;  10th  day. — Ether. 

Much  hamiorrhage  when  attempting  to  reach  the  right  side  of  the  cortex. 
This  side  refractory  to  stimulation.  Then  quickly  e.xposed  the  left  side;  brain 
is  very  pale ; can  get  movement  of  the  hind-leg  only.  Xo  re.sult  on  sinking 
the  electrodes  into  the  white  matter  through  the  cortex. 
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Cask  XIV.— >7.  Henwnl  luimtti : loth  //«//.— Eyes  open.  Ktlier. 

X’eKiitive  to  any  streiiKth  of  current;  this  applies  to  both  corte.x  and 
medulla;  Iwtli  sides  of  brain  tested. 

Ca.sk  XV.— >7.  lirnutrd  puppy,  Hi! me  Utter  ; JSth  Ether. 

With  current  C p;et  movements  of  head,  of  fore  leg  and  of  hind-lcK  when 
-diHerent  areas  are  Htimulated.  The  order  niveii  serves  to  indicate  the  readi- 
ness and  perfection  of  the  ditferent  movements  in  this  ca.se. 

Cask  X\  I. — (runlon  Setter  hitch-pitppy  ; Jlnd  <huj. — Ether. 

With  current  B,  movement  of^the  fore  legs;  with  a slightly  stronger  cur- 
rent, movement  of  the  hind-leg;  where  the  strongest  current  used,  both  legs 
iit  times  move  together,  and  the  head  is  also  moved  (to  the  opposite  side). 


Ce.veual  Re-m.vkks  on  the  Exi'Eiu.ments  i)s  Dogs. 

lit  tlie.si*  ulul  discs  ol  otlier  tiiiinttilsu.scHl,  only  those  htive  been  Tojtortcd 
ill  which  tlie  conditions  were  Itivoiirable,  unle.ss  it  lias  heen  otlierwise 
.stated.  Kosults,  or  tht“  lack  ot  positive  vt'.sults,  are,  as  hoforc  mentioned, 
of  no  moiuent  when  lucinorrhaire  i.s  excessive,  Avlien  the  narco.sis  is  very 
profound,  or  when  all  hut  absent,  speaking  generally.  Occasionallv  1 
lijive  noticeil  that  movements  may  be  obtained  in  .spite  of  .severe  htetuor- 
rhage,  prolonged  exposure  of  the  brain,  frequent  stimulation,  etc.,  and 
while  such  results  are  highly  instructive,  they  do  not  bear  so  directly  on 
the  questions — At  what  period  is  there  tii-st  cortical  loctilization  of  an}' 
kind?  iiiid  In  wluit  order  are  the  centivs  functionally  developed? — 
which  were  the  main  jiroblems  of  this  research. 

'I’he  1‘xperiment.s  reported  arc  against  tiny  sort  of  cortical  localiztition 
before  about  the  tenth  to  the  thirteenth  day,  though  Case  1.  seems  to  be 
an  e.xception,  unle.ss  we  assume  that  the  result  was  owing  to  the  conduc- 
tion of  the  current  to  the  white  matter  beneath.  This  subject  will  be 
considered  hiter. 

Case  11.  seems  to  show  an  ailvance  in  the  cortex.  The  i-esult  on 
sinking  tlu‘  electrodes  deeply  into  the  brain  i.s  one  to  which  1 should  hesi- 
tate to  iittach  much  im]>ortance  as  indicating  the  superior  functional 
jictivity  of  the  medulla  ;it  this  period,  considering  the  strength  of  the 
current. 

Ctiselll.  i.s  interesting  in  illustrating  the  tidvauce  made  in  a single 
day.  It  also  seems  to  indicate  tluit  .some  of  the  results  are  due  to  dif- 
fusion of  the  current. 

The  inedttlhi  giving  a negative  reaction  in  this  case  is  to  be  exjilained, 
I think,  wholly  on  the  ground  of  uuftivotirable  conditions,  such  as  luemor- 
rhage,  trial  tifter  the  brain  had  been  exposed  for  some  time,  etc. 

From  such  a case  as  taken  by  itself,  it  is  impossible  to  come  to 
any  conclusion  as  to  localiztition  ; for  the  movement  resulting  from 
stimulation  seemed  to  be  in  no  wise  better  when  the  medulhi  wtis  in  que.s- 
tion  than  when  the  cortex  was  testeil. 

Case  IV.  includes  both  an  advance  and  fairly  distinct  localization  ; 
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but  tlio  fiict  that  so  strong  a current  is  necossaiy  to  get  the  result  in  tliis 
and  other  very  }’Oung  animals  is  suggestive. 

Case  VI.  falls  under  the  same  remarks  as  the  last,  bat  seems  to  be 
an  iiLstance  in  which  the  hind-leg  centre  is  not  clearly  in  advance  of 
the  head.  This  is  so  rare  that  it  is  likely  not  actually  so,  but  owing  in 
this  case  to  some  peculiar  conditions  of  the  moment.  'Phe  very  next 
case  (VII.)  appears  to  bear  out  this  view.  It  also  seems  to  indicate  that 
the  hind-leg  centre  is  the  first  developed  in  this  iiarticular  animal. 

Case  VIII.  is  esjiecially  instructive.  There  is  clearly  a well-detined 
cortical  localization  in  this  animal  on  the  seventeenth  day,  and,  notwith- 
standing unfavourable  circumstance.s,  this  localization  is  preserved. 

It  is  noteworthy  that  ablation  of  the  area  around  the  crucial  sulcus 
produces  no  jiaralysis,  and,  so  far  as  can  be  readily  ob.served,  no  change 
whatever  in  the  movements  of  the  animal,  though  it  must  be  remembered 
that  a puppy’s  movements  at  this  age  are  still  l)ut  moderately  well  co- 
ordinated ; nevertheless  paralysis  would  undoubtedly  be  shown  by  the 
leg  bending  under,  etc.,  were  it  present  even  in  moderate  degree. 

Case  IX.  is  apjiarenth’  clearly  in  favour  of  the  earlier  functional 
development  of  the  medulla. 

Case  X.  speaks  for  an  earlier  dev'elopment  of  the  centre  for  the  hind 
limb. 

Ca.se  XI.  is  clearly  one  in  which  the  centre  for  the  hind-limb  is  best 
developed.  Tins  case  also  points  to  an  earlier  development  of  the  medulla. 

Case  XII.  is  in  favmur  of  the  earlier  activity  of  the  centre  for  the 
hind-limb. 

Case  Xlll.  I consider  ini])ortant,  not  only  because  it  illustrates  per- 
fectly the  disastrous  ett'ect  of  hamiorrhage,  but  because  it  seems  to  show 
clearly  that  at  an  early  period  the  centre  for  the  hind-leg  is  the  best 
organized. 

Case  XIV  is  an  example  of  my  experience  with  St.  Bernard  puppies. 
The  motor  cortical  centras  seem  to  develop  later,  which  is  in  harmony 
with  the  generally  slower  .somatic  and  p.sychic  dev’^elopment  of  the  larger 
breeds  of  dogs. 

Case  XVI.  is  apjiarently  one  in  vvhicb  the  centre  for  the  hind-leg 
was  not  in  advance  of  that  for  the  fore-limb. 

GenER-VL  CONCI.USrONS. 

'Phe  following  conclusions  seem  to  be  wai’rantly  based  on  the  fore- 
going : 

There  is  no  proper  functional  cortical  develo])ment  in  dogs  before  the 
eyes  open,  i.  e.,  before  about  the  tenth  to  the  thirteenth  day  of  life. 

An  advance  in  devmlo]nnent  is  sometimes  to  be  observed  in  a single 

day. 
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In  by  tar  llio  sjjrotiter  number  of  cases  examined  the  cortical  centre 
for  the  bind-leg  was  functionally  active  at  a somewhat  earlier  date  than 
that  for  the  lore-limb. 

'I'he  centres  for  movements  of  the  head  as  a whole  and  of  its  various 
parts  are  developed  later  than  those  for  the  limbs. 

In  the  case  ol  large  briic'ds  of  dogs  the  cortical  motor  centres  become 
tunctionally  active  at  a later  date  than  in  small  breeds  or  in  mongrels. 

All  the  princi])al  motor  centres  are  functionally  active  within  about 
the  tirst  thirty  days  of  life  ; most  of  them  earlier. 

Itemoval  of  those  parts  of  the  cortex  producing  movements  when 
electrically  excited  does  not  prevent  those  movements  being  caused  by 
the  animal  it.self,  such  movements  being  executed  about  :is  well  as  before 
the  cortical  ablation,  even  when  that  involves  an  area  more  extensive 
than  that  marked  out  by  stimulation. 

I he  medulla  is  functionally  active  in  most  instances  somewhat  earlier 
than  the  cortex,  but  nev^er  at  birth  nor  for  several  days  afterwanhs. 


KX FElll  .M  KXTAL  R.KS TLTS. 

II. — 'PlIE  (’at. 

Cask  I.  Kitten  of  4 to  ft  hours. — Ktlier.  All  comtitions  favouralile. 

Results  iienative  as  regards  both  cortex  and  medulla  to  any  strength  of 
current. 

Cask  \l.— Kitten  ; 'ith  -Eyes  closetl.  Ether. 

With  current  C,  movement  of  fore  leg  ; this  is  very  distinct  and  is  repeated 
half  .a  dozen  times.  The  .same  result  on  the  opposite  side,  though  there  is 
con.sideraV)le  loss  of  blood  on  that  side.  Removal  of  cortex  over  tlie  motor 
area  on  the  side  flr.st  opened  and  stimulation  in  the  same  manner  results  in 
movement.s  of  both  fore-leg  and  hind-leg. 

Cask  \\l.— Kitten  ; 5th  r/o//.— Eyes  closed.  Ether. 

With  current  B,  on  stimulating  two  areius  adjacent  to  each  other,  move- 
ments in  the  one  case  of  the  fore-leg,  in  the  other  of  the  hind-leg.  When 
t h • electrodes  are  placed  between  these  areas  there  is  a tendency  to  movement 
in  both  tegs.  The  same  applies  to  the  opposite  side. 

On  cutting  away  the  cortex,  get  movements  of  both  legs  with  best 
localization  for  hind-leg. 

Cask  I\'.  Kitten;  7th  ffw/.— Eyes  unopened.  Ether. 

With  current  B,  get  movements  of  fore-leg  by  stimulation  of  each  side 
of  the  brain  ; soon  leads  to  exhaustion  ; not  very  well  localized,  but  is  best 
marked  when  a certain  limited  area,  adjoining  the  crucial  sulcus,  and  not 
far  from  the  middle  line,  is  stimulated.  In  this  case  both  areas  for  some 
distfince  firound  the  crucial  sulcus  removed  deeply  and  the  wound  closed. 

Cask  \'.  Kitten;  7th  dan. — Eyes  unopened.  PIther. 

With  strongest  current  get  movement  of  the  fore-leg,  but  no  other. 

Cask  VI. — Kitten  ; 7th  to  f<th  day. — Eyes  beginning  to  open.  Ether. 

With  current  B get  movement  of  fore-leg  and  both  hind-legs. 

Cask  \\l.  — Kitten  ; St h day. — P]yes  open.  Ether. 

On  stimulating  diflerent  brain  areas  with  current  B get  the  movement  of 
both  the  fore-leg  and  the  hind-leg,  but  the  former  responds  distinctly  better,  and 
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in  lliis  case  all  tlie  conditions  are  favourable  for  a clear  judpment.  The  cortex 
is  removed  over  a large  area  around  the  crucial  sulcus.  On  using  the  same 
current  the  movements  are  produced  more  readily  than  when  the  corte.x  is 
stimulated.  When  the  current  is  iiuTeased  in  strength  there  is  a tendency  to 
movement  of. both  fore-legs.  Can  get  only  three  distinct  movements  of  the 
fore-legs  before  exhaustion  sets  in  ; the  same  applies  to  the  hind  leg. 

Case  Kitten  ; <Sth  to  !ith  f/oj/.— Eyes  unopened.  Ether. 

With  current  C get  on  stimulation  of  definite  regions  around  the  crucial 
sulcus  movements  of  tin;  fore-leg  and  the  hind-leg.  In  this  case  there  seems 
to  be  distinct  localization.  On  cutting  away  the  cortex  in  this  region  get 
similar  restilts.  These  results  are  very  transient,  exhaustion  soon  setting  in. 
Case  -Kitten ; 9th  dmj. — Eyes  unopened.  Ether. 

No  certain  {lositive  results  with  any  current.  Tlie  same  applies  to  the 
medulla,  though  I get  the  impression  tliat  movements  are  incipient,  .so  to 
speak. 

Case  X.— Kitten  ; 9th  day.  Eyes  opening.  Ether. 

With  current  C get  movement  of  both  fore-legs.  Later,  with  current  B, 
*one  only  moves,  but  most  distinctly.  After  removal  of  the  cortex  around  the 
crucial  sulcus  for  some  considerable  distance,  stimulation  results  in  the  same 
movement. 

In  this  case  the  wound  is  closed  ; some  antiseptic  precautions.  Movements 
on  recovery  from  atuvsthesia  much,  if  not  ((Uite,  as  before ; no  clear  evidence 
of  any  unilateral  weakness. 

Case  XL— Kitten ; lOth  to  11th  t/oi/,-  Eyes  open.  Ether. 

With  currents  B,  C and  D movement  of  the  fore-leg,  and  somewliat  better 
with  the  stronger  currents. 

On  removal  of  the  cortex,  the  movements  of  the  fore-leg  are  verj'  marked, 
of  the  hind-limb  less  so. 

Case  XII. — Kitten;  llth  day. — Eyes  open.  Ether. 

With  current  B movement  of  the  fore-leg;  with  current  C get  movement 
of  the  hind-leg  and  l>oth  fore-legs,  but  the  movement  on  the  opposite  side  is 
much  more  pronounced.  A distinct  advance  in  the  character  of  the  fore-leg 
movement  as  compai-ed  with  any  yet  noticed  ; the  response  is  more  iiroinjit 
and  the  movement  more  elatxirate  and  perfect  in  every  way. 

C.\SE  XIM.  Kitten ; 1-tth  or  14th  i/ity.  Eyes  ojien.  Ether. 

With  current  B,  movement  of  the  fore-leg  and  later  of  the  hind-leg  on 
stimulation  of  ditferent  areas  ; with  current  C,  both  fore-  and  hind-legs  move 
together:  but  there  is  localization,  and  the  area  for  the  fore-leg  seems  to  be 
more  readily  roused  to  action  and  the  most  resisting. 

Case  XIV. — Kitten  ; 14th  or  Kith  day, — Eyesofien.  Ether. 

Get  movement  of  fore-leg  with  much  weaker  current  than  hitherto  gave 
positive  results,  viz.,  with  current  A.  To  get  movement  of  the  hind-leg  a 
stronger  current  must  be  used.  On  using  a very  strong  current  (D),  cet  move- 
ment of  both  fore-legs. 

He.marks  on  the  Expeuimexts  on  Cats. 

Tlie  first  case  is  given  tus  an  example  of  what  I have  invariably 
fouiul — that  in  very  young  cats  both  cortex  and  medulla  are  absolutely 
inexcitable,  no  matter  what  the  strength  of  the  current  employed. 

Jn  C!ase  II.,  though  the  cat  is  only  six  days  old  and  the  eyes  un- 
opened. with  a strong  current  movements  of  the  fore-leg  are  produced, 
and  the.se  are  I'cpeated  a good  many  times — in  fact,  a gi-eat  number, 
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couKidcrini^  lu)\v  young  thu  animal  is  ; and  such  a cast-  contrasts  strongly 
with  the  rapid  exhaustion  in  the  young  ilog. 

It  is  noteworthy  tliat  nioviunents  of  the  liiud-leg  can  l>e  induced 
only  after  removal  of  the  cortex. 

Case  Ilf.  seems  to  he  hotter  ))ronounced  still  as  an  example  of  very 
early  cortical  dovelo])ment— in  fact,  of  localization.  In  this  ease  also  the 
medidla  seems  to  be  in  advance  of  the  cortex. 

Case  IV.  ])oints  to  the  pre.souce  of  an  indistinctly  detined  nn)tor  area 
for  tlie  fore-limb. 

f.’ase  \'.  is  in  favour  of  ]>rimary  tlevelopment  of  the  centre  for  the 
fore-limb. 

Ca.se  VI.  is  one  of  a class  not  very  readily  explained,  and  will  be 
discussed  later. 

Case  VII.  is  es])ccially  valuable,  as  it  |>oints  clearly  not  only  to  local- 
ization but  to  the  better  development  of  the  centre  for  the  fore-limb  at 
this  age.  This  case  also  seems  to  be  distinctly  in  favour  of  an  earlier 
functional  development  of  the  white  matter  of  the  brain. 

(/’ase  VIll.  is  an  example  of  fairly  detinite  localization  of  motor  areas 
for  both  limbs. 

Case  IX.  and  Ca.se  III.  illustrate  the  great  ditierence  in  individuals. 
Case  11 1.  is  one  of  veiy  early  and  Case  IX.  of  a somewhat  <lelay('d  cortical 
development. 

In  Case  X.  we  get  an  illustration  of  the  great  difference  in  results 
according  to  the  strength  of  current  u.scd. 

Removal  of  the  motor  area,  as  in  the  ca.se  of  tin;  ])iii>pies,  did  not 
give  rise  to  ]>aralysis. 

Ca.so  XI,  illustrates  the  earlier  development  of  the  centre  for  the 
fore-limbs  and  also  of  the  medulla. 

Case  XII.  shows  that  in  a very  short  time  there  may  be  a distinct 
advance  in  the  development  of  a centre. 

Case  XIII.  ])oints  to  distinct  localization  and  to  the  more  advanced 
<ievelo)unent  of  the  centre  for  the  fore-limb. 

Case  XIV.  is  an  example  of  the  .same  features  as  Case  XIII. 

Conclusions. — The  Dog  and  the  Cat  Comi’aiied. 

At  birth  and  for  several  days  after  the  cortex  does  not  res|)ond  to 
electrical  stimulation  ; but  in  the  cat  the  cortex  usually  responds  at  an 
earlier  date  than  in  the  do.g,  and  is  functionally  active  in  some  cases 
before  the  eyes  open. 

The  centre  for  the  fore-limb  is  responsive  earlier  than  that  for  the 
hind-limb. 

Head  movements,  as  in  tlie  case  of  the  dog,  can  he  induced  only  at  a 
later  date  than  movements  of  the  limbs. 
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The  wliito  maf  ter  lying  beneath  the  cortex  is  usually  resjionsive  oaTlici 
than  theeortex.and  thishasboen  more  clearly  marked  in  the  case  of  the  cat. 

The  functional  activity  of  the  brain  of  the  very  young  cat  jiei-sists 
longer  under  the  ordinaiy  conditions  of  experiment  than  in  the  dog. 

The  same  remarks  as  to  distinct  advance  in  a very  short  period,  and  neg- 
ative results  of  ablation  of  the  cortex,  hold  for  the  cat  e(|ually  with  the  dog. 

Upon  the  whole  the  motor  centres  in  the  cat  are  developed  somewhat 
earlier  than  in  the  dog. 

K X P K R I M K N '1'  A P R K 8 C L T S . 

111. — The  R.vbtjit. 

Case  l.—Iiel(fl(in  Hare  rabbit;  'th  or  sfh  </<»//.— Eyes  unopened.  Etlier. 

The  most  that  can  be  said  is  that  with  a very  strong  current.  (D),  tliere  i.s 
the  suspicion  of  incipient  inoveineut  of  tlie  fore-leg. 

Case  II.  Belgian  Hare  rabbit  of  xamr  litter;  VHti  (fu/y.— Ether. 

With  a very  strong  current  no  distinct  localized  movement.  The  medulla 
.seems  to  be  somewhat  more  responsive  than  the  cortex,  but  no  very  delinite 
statements  can  be  made. 

Case  Ml.  —Betiiinn  Hare  rahbit  o/ siioie  titter;  ttth  f/oT/.  - Eyes  open.  Ether. 

With  curi-ent  H.  get  movement  of  fore-leg  and  mouth  ])arts;  -.ui  increasing 
the  strength  of  current,  grinding  of  the  teiUh  is  produced.  On  the  ojtjiosite 
side,  get  fore-leg  and  head  movement  (to  opposite  side).  These  niovetiumts  are 
all  distinct  and  follow  on  stimulation  of  diilerent  jiarts  of  the  cortex  a clear 
case  of  lociilizat ion.  Similar  results  follow  on  stimulating  the  medulla.  In 
neither  case  are  there  movements  of  the  hind-leg. 

Case  IV. — Babbit;  tatti  <tai/.  Ether. 

No  movement  with  any  strength  of  current.  Cortex  removed  over  a large 
area.  With  current  H,  get  movement  of  the  fore  leg  and  head  to  ojiposite  side, 
but  with  no  very  elejir  localization. 

C.ASE  V. — Rabbit;  Uth  i/rtj/.— Eyes  open.  Ether. 

Both  sides  of  the  bniin  exposed  with  but  little  loss  of  blood.  .Strong  cui' 
rent  (C),  used  on  both  sides  of  the  brain  with  negjitive  I’esults  so  far  ;is  the 
limbs  are  concerned,  but  with  slight  turning  of  the  head  to  the  oi)])osite  side 
on  stimulating  each  side  of  the  brain. 

On  removal  of  the  eorte.x  find  stimulating  with  the  same  sti'ength  of  cur- 
rent, the  siime  result  follows,  and,  in  addition,  chewing  movements. 

Case  \'I. — Rabbit;  lath  f/u)/.— Ether. 

With  current  B.  only  tnovement  that  of  he.ad  to  oppo'.ite  side  ; with  some- 
j what  stronger  eurretit,  get.  in  addition,  chewing  movemetits  and  movemetU  of 
the  fore-leg.  The  cortex  is  now  excised.  'I’lie  movements  are  more  tnarked. 
especially  as  regfirds  tl.e  fore-limb.  No  tnovetnent  of  the  hind-litnbs  under 
atiy  circumstiinees. 

1-:  X i’  i-:  R I M !•:  x t a l r i-:  s it  e t .s  . 

IV. — The  Caw  (Gt  rxEA-iTG). 

As  is  well  kuowtt,  the  eavy  is  horn  iti  au  advnucetl  condition  of  de- 
velopment. In  a few  hours  it  can  run  about,  eat,  i't(,-.  Its  eyes  are  open 
at  birth,  atid  it  sees  uud  hears  well  ; if  not  then,  at  least  in  ii  few  hours. 
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In  a cavy,  twnnty-six  to  thirty  houi-s  alter  birth,  I had  no  ditlienlty 
in  getting  rnovc'inents  of  both  the  fore-limb  and  the  liind-limb  with  a cur- 
rent of  very  moderate  inteiiKity. 

In  a cavy  I'ight  dayn  old,  movements  of  the  limbs,  head  (to  opposite 
side)  and  eyes  almost,  if  not  quite,  as  perfect  as  in  older  ajjecimens. 

V. — The  JIat  and  the  Mouse. 


I have  been  able  to  make  but  few  experiments  on  young  rats  and 
mice,  but,  so  tai  as  thev  go.  they  point  clearly  to  the  same  conditions  as 
in  the  rabbit,  e.,  while  their  eyes  an*  unojjened  the  cortex  is  inexcitable, 
but  very  soon  after  the  reverse.  Kats,  mice  and  rabbits  are  born  naked 
(comparatively  hairless),  and  with  closed  eyes,  but  both  develop  ni])idly, 
physically  and  p.sychically  when  tlie  eyes  do  o])en. 


J'Je.MARKS  on  the  J'iXPEUI.MENTS  M.AHE  ON  1?AUBITS. 

Causes  I.  and  II.  show  that  it  is  some  time  betbi’e  there  is  any  distinct 
i-eaction  to  stimulation  of  either  the  cortex  or  the  medulla. 

('ase  HI.  seems  to  be  a clear  instance  of  cortical  localization,  and 
that  head  (neck)  and  face  movements  should  be  induceil  thus  early  is 
noteworthy. 

Case  IV.  points  to  earlier  development  in  the  medulla. 

C'ase  V.  illustrates  the  late  develojiment  of  the  cortex  and  indicates 
that  in  this  ca.se  also  the  white  matter  is  somewhat  in  adrance. 

Case  VI.  seems  to  indicate  an  earlier  development  of  the  centre  for 
movement  of  the  head  and  ailvance  in  tlie  medulla  over  the  cortex. 

Neither  in  these  nor  in  older  rabbits  have  I been  able  to  get  move- 
ments of  the  hind  leg  on  stimulation  of  the  cortex  under  the  same  circum- 
stances as  those  under  which  the  centres  for  other  movements  reactc*d. 


Remarks  o.n  the  Kxperi.ments  Made  on  Other  Rodent.s. 

The  There  is  little  ad^ditional  to  be  said.  It  is  plain,  Irom  the 

sample  exjieiimcnts  reported,  that  the  motor  centres  in  this  animal,  at  all 
events  the  principal  ones,  are  ]>ractically  lunctionall}'  active  at  birth, 
though  there  is  a progressive  development  of  a kind  reaching  a high 
degree  of  perfection  when  the  animal  is  but  a few  days  o]<J. 

Rats  and  Mice. — They  seem,  so  far  as  the  brain  is  concerned,  to 
develoj)  in  the  same  way  as  the  rabbit,  all  three  groups  contrasting 
strongly  with  the  cavy. 

Conclusions  Regarding  Rodents.— Comparisons. 

In  rabbits,  rats  and  mice  the  cerebral  cortex  is  not  functionally  active 
at  birth,  nor  long,  if  at  all.  before  the  eyes  open. 

The  early  development  of  the  cortical  centres  presiding  over  the 
movements  ol’  the  head,  as  a whole,  and  of  its  different  muscles,  is  a 
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feature  contrasting  in  the  rabbit  very  strongly  with  the  condition  in  the 
dog  and  the  cat. 

These  movements  in  the  rahbit  occur  at  a date  almost,  it  not  qnite, 
as  early  as  those  of  the  fore-limbs. 

Equally  noteworthy  is  the  fact  that  in  very  young  rabbits  in  which 
the  movements  referred  to  above  occur,  movements  for  the  hind -limbs 
cannot  bo  induced  under  similar  circumstances. 

The  cavy  contrasts  strongly  with  the  rodents  mentioned  above,  as 
well  as  with  the  dog  and  the  cat,  by  the  fact  that  there  is  good  cortical 
localization  at  or  within  a few  hours  after  birth. 

Examin’atio.v  ok  the  Work  ok  Others,  etc. 

AVhen  my  own  investigation  was  well  advanced,  and  I had  obtained 
results  unbias.sed  by  the  conclusion  of  othei-s,  I undertook  a careful  exam- 
ination of  the  important  research  of  Soltmann,'  which  is  about  the  oldest 
and  best  on  this  subject. 

This  investigator  cxiierimenUMl  on  dogs  and  rabbits.  lie  tried 
chloroform  and  ether  as  amesthetics,  but  aliandoned  them  tor  subcutane- 
ous injections  of  mor])hia.  As  he  points  out,  the  fir.st  two,  ascomjiared 
with  the  latter,  are  ojien  to  the  objection  of  favouring  Inemorrhage. 
Morphia,  however,  seems  to  me  to  be  very  unsatisfactory,  as  it  is  difficult 
to  produce  by  it  the  exact  degi-ee  of  narcosis  required,  and  in  all  experi- 
ments of  this  kind  it  is  important  to  be  able  to  vary  the  depth  of  the 
narcosis.  With  a certain  degree  of  narcosis  it  is  impossible,  as  has  been 
the  experience  of  many  workers  on  the  Inain,  to  get  a reaction  with  any 
strength  of  current.  There  is  a definite  degree  of  amesthesia  which  is 
essential  to  enable  one  to  di’aw  correct  conclusions.  I place  no  reliance 
on  results  obtained  without  amesthesia,  and  experience  enables  one  to 
determine  when  reactions  are  reliable.  1 have  in  all  cases  u.sed  ether, 
because  by  it  the  depth  of  the  narcosis  can  be  rapidly  and  nicely  varied  — 
a most  important  matter,  as  before  stated,  when  one  has  to  deal  with  the 
hrain  of  a very  young  animal,  so  readily  is  it  exhausted  or  in  some 
way  injured.  As  previously  indicated,  many  experiments  have  been  re- 
jected as  unreliable  from  Inemorrhage,  etc.  ^Jevertheless  my  results  in  a 
large  degree  are  in  accord  with  tho.se  of  Soltmann,  as  I shall  now  pro- 
ceed to  show.  He  found  that  in  dogs  the  cortex  was  not  excitable  in  the 
“ newh'-born,"  but  that  the  fibres  of  the  internal  cajisule  were  ; that  the 
fore-limb  was  the  first  to  res[iond  to  electrical  excitation  of  the  cortex, 
then  the  hind-limb,  and  later  the  face.  if  it  be  true  that  morphia 
heightens  the  excitability  of  the  white  fibres,  as  .some  affirm,*  this  may 
explain  the  greater  readiness  of  Soltmann  to  claim  a much  earlier  activity 

' .fiilir.  f.  Kinderlieilkunde  u.  Pliys.,  ErziehuiiK,  1870. 

- BiibnolVand  lleidenlmiii,  PHiiger's  Archiv.  f.  Pliysiologie,  1881. 
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lor  tluMii.  My  oxprriim'iits  show  that  in  dogs,  cals  and  rahhits  the  cor- 
tex is  inexcitahlc  at  l>irth  and  for  some  days  afterwards  ; that  the  same 
apiilies  to  the  white  matter,  so  that  if  by  “newly-born’’  Soltmann  moans 
animals  just  born  or  only  a few  days  (two  to  four)  old.  I cannot  agree 
with  him;  but  he  is  correct  in  stating  that  the  white  mtiUer  is,  as  a rule, 
earlier  functionally  active  than  the  cortex.  To  these  remarks,  as  1 Inive 
shown,  the  cavy  is  an  exception,  as  its  cortex  responds  to  stimidalion  at 
or  a few  hours  after  birth. 

While  in  the  rabbit  and  the  cat  my  experiments  show  already  that 
the  centre  for  the  fore-limb  is  res|)onsive  before  that  for  the  hind-limb, 
this  <loes  not  aj)}>ly  to  my  experiments  on  dogs.  Jt  can  scarcely  be  an 
experimental  coincidence  that  in  by  far  the  greater  number  of  my  cases 
the  hind-limb  in  dogs  was  the  tii*st  to  react.  Jt  may,  however,  be  that 
this  divergence  from  Soltmann’s  results  is  to  be  exjdained  by  individual 
ditferences. 

I am  very  glad  to  find  Soltmann  recognizing  ditferences  I'or  “indi- 
viduals ami  j’aces ’’  as  ri'gards  the  exact  site  of  early  localizatiom  I am 
certain  that  this  individually  ap])lies  not  only  to  this  ]>oint,  but  also  to 
the  date  at  which  the  centres  first  became  functionally  active,  etc.,  and  1 
strongly  suspect  that  in  dogs  there  is  no  fixed  rule  as  to  which  limb  fii’st 
responds  to  electrical  excitation  of  the  cortex.  It  must  bo  borne  in  mind 
that  the  fore-limb  is  much  more  and  much  earlier  ustxl  well  by  the 
rabbit  and  the  cat  than  by  the  dog. 

My  I'csults  are  also  in  ontiix;  agreement  with  those  of  .Soltmann,  in 
that  they  show  that  the  centres  for  the  face  and  neck  are  of  later 
develoj>ment  than  those  for  the  limbs,  though  in  the  case  of  the  rabbit 
there  is  very  little,  if  any,  ditfei'cnci'  as  regards  the  face  and  the  fore- 
limb. 

.^oltmann’s  work  on  ablation  of  the  cortex,  carried  out  under  great 
difficulties,  as  I well  know  from  exi»erience  (for.  as  he  points  tmt,  the 
mother  interferes  in  a most  troublesome  way  Avith  the  Avound),  are  (pute 
in  accord  Avitli  my  results  as  far  as  they  go.  i.  c.,  ablation  of  the  cortex 
does  not  lead  to  paralysis  or  any  decided  alterations  in  the  movements  of 
very  youtig  animals. 

Soltmann  is  also  correct  in  stating  that  localization  is  at  first  some- 
Avhat  indefinite,  hut  gradually’  gets  better  defined. 

1 have  also  found,  as  he  states,  that  stimulation  of  an  area  lying 
between,  say  that  for  the  fore-leg  and  that  for  the  hind-limb,  gives  rise  to 
moA’ements  of  both  legs.  This  is  not,  howcA'er,  a A'eiy  frequent  result 
witli  Aveak  currents  and  is  still  rarei'  in  animals  in  wliicli  the  localization 
is  Avell  defined. 

In  some  cases  in  my  experience,  as  noted  in  using  a strong  current, 
both  limbs  moA'e  together  and  perhaps  also  the  head.  Xo  doubt,  differ- 
cn(!e  of  current  may  explain  some  of  tliese  aases.  (Occasionally  both 
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fore-limbs  move  on  stimulating  one  side  of  the  l»rain.  It  is  more  diffieult 
to  explain  this  hy  diffusion  from  the  use  of  any  moderate  currept. 

The  advance  in  the  readiness  with  which  a centre  can  be  stimulated 
noticed  in  my  record  of  cases  seems  to  me  to  indicate  in  the  clearest  way 
that  there  is  a process  of  development,  in  the  brain  cortex.  AVhen  the 
centre  is  less  developed  it  requii-es  a stronger  stimulus,  in  some  instances 
a verv  strong  one,  and  it  is  not  satisfactory  to  assume  that  when  on 
stimuiating  the  cortex  no  result  follows  till  a strong  current  has  been 
used  that  the  result  is  owing  to  diffusion  of  current  unless  it  can  Ije 
shown  that  in  the  same  subject  the  white  matter  reacts  easier,  and  as 
this  has  not  been  my  experience  in  many  instances  on  very  young 
animals,  I have  teen  strongly  impressed  with  this  gnulual  development 
of  centres,  rapid  as  it  is.  The  difficulties  in  the  cases  just  referred  to  wili 
not  te>  entirely  removed  until  the  histological  development  of  the  brain 
is  better  worked  out. 

As  Dr.  Perrier’s  work'  is  so  well  known,  I.  quote  in  ])art  the  para- 
graph which  beare  on  this  subject  of  the  early  condition  of  the  cortex  : 
“ It  is  not  until  after  the  opening  of  the  eyes — usually  about  the  eighth 
day  in  dogs — that  the  limbs  can  be  excited  to  action  by  electrical 
stimulation  of  the  sigmoid  gyrus.  Generally  the  cortical  centres  do  not 
react  till  about  the  tenth  day,  the  centres  for  the  fore-limb  becoming 
excitable  before  those  of  the  posterior  limb.  Similar  conditions  obtain, 
in  rabbits  and  guinea-pigs.” 

Opening  of  the  eyes  on  the  eighth  day  in  dogs  must  be  of  the  rarest. 
It  seldom  occure  before  the  tenth  to  the  thirteenth  day.  It  is,  however,, 
quite  correct  that  in  dogs  the  cortex  is  rarely,  if  ever,  excitable  before 
the  eyes  do  open. 

I,  as  already  stated,  have  not  found  that  in  dogs  the  centre  for  the 
fore-limb  is  the  tirst  to  develop,  so  that  this  statement  must  be  modified. 
The  guinea-pig  (cavy)  must  also  be  excluded  from  Perrier’s  generalization. 

1 think  my  researclres  are  the  only  ones  carried  out  in  connection 
with  an  extensive  study  of  the  jisychic’’  development  of  the  .same 
creatures,  and  that  more  groups  of  animals  have  been  compared  than  by 
any  previous  investigator. 

1 give  below  the  conclusions  that  I believe  may  be  relied  on  as- 
regards  the  functional  development  of  the  brain  in  the  dog,  the  cat,  the 
rabbit  and  the  cavy.  As  to  rats  and  mice  1 must  express  myself  with 
more  hesitation. 

Though  I have  made  a series  of  exj>eriments  on  the  doinestic  fowl 
and  the  pigeon,  chiefly  the  latter,  1 have  never  been  able  to  get  move- 
ments of  any  part  (the  eyes  excepted)  on  stimulating  the  cortex  in 
mature  animats,  consequently  did  not  tiy  young  ones.  I believe  the 

' The  Functions  of  the  Brain,  second  edition.  London,  1880. 

See  the.se  Transactions  for  18JR  and  1895. 

Sec.  IV.,  18<.)6.  2. 
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statements  of  Ferrier^  to  the  effect  tliat  the  cortex  of  the  pigeon  is 
excitable  to  be  eri-oneous. 

The  brain  of  the  bird  will  be  further  referred  to  in  another  paper.  ^ 
CIenkkal  Conclusions. 

In  the  dog,  cat,  rabbit  (and  in  so  far  as  the  writer’s  experiments  go 
in  the  rat  and  the  mouse)  neither  the  brain  cortex  nor  the  underlying 
white  matter  is  excitable  by  electrical  stimulation  at  birth  or  for  some 
days  afterwards. 

The  cortex  is  usually  not  excitable  till  about  the  period  when  the 
eyes  open,  though  there  are  exceptions  to  this  rule,  most  frequent  in  the 
writer’s  experience  in  the  cat,  in  favour  of  an  earlier  date. 

The  white  matter  of  the  brain  just  beneath  the  cortex  is  generally 
excitable  either  at  an  earlier  date  than  the  cortex,  or  with  a weaker  stim- 
ulus. 

The  reaction  for  the  limb  movements  is  obtainable  invariably  some- 
what earlier  in  the  dog  and  the  cat,  and  generally  so  in  the  rabbit,  than 
those  for  the  neck,  face,  etc. 

Localization  for  the  cortex  and  still  mor*;  for  the  white  matter  is  at 
fii-st  ill-detined,  but  gradually,  though  rapidly,  becomes  more  definite. 

In  the  cav'y  (guinea-pig)  the  cortex  and  the  white  matter  beneath 
are  electrically  excitable  either  at  birth  or  a few  hours  afterwards,  and 
perfection  of  reaction  and  localization  is  reached  in  a few  days. 

Before  the  brain  cortex  responds  to  electrical  excitation,  ablation  of 
the  motor  area  (centres)  leads  to  no  appreciable  interference  with  move- 
ments. 

The  younger  the  animal  the  stronger  the  current  required  to  produce 
reaction  up  to  the  time  that  localization  is  well  established,  i.e.,  the  weak- 
ness'of  the  current  required  to  cause  a movement  is  an  indication  of  the 
degree  of  development  of  the  centre  in  question. 

Ditt'ercnces  for  breeds  and  individuals  exist  and  constitute  to  some 
e.xtent  exceptions  to  the  above  general  statements. 

. In  the  above  ‘‘  cortex  ” refei-s  to  the  gray  matter  in  or  near  the  motor 
area  and  “ white  matter  ” to  the  brain  substance  immediately  beneath. 


• Tlie  Functions  of  the  Brain,  second  edition,  London,  lS8f),  p.  202. 
2 These  Transactions,  IWXi. 


